Investigating the Magnetic Fields and Plasma velocity in the Quiet Sun photosphere

Niza Gladys Kamanga' NegessaTilahun Shukure’

Department of Physics, College of Natural and Computational Sciences, Addis Ababa University, Ethiopia!

Abstract. The quiet Sun represents the majority of the solar surface outside of sunspots, pores, and plages, containing weak and dynamic magnetic fields whose origins are strongly linked to convective plasma motions. The study investigates the
strength and configuration of vector magnetic fields in the quiet photosphere using spectropolarimetric observations from the Solar Optical Telescope (SOT-SP) aboard the Hinode satellite by using the High Altitude Observatory. The vector magnetic
fields and plasma velocity were found by using a Milne-Eddington inversion approach where level 1 data was used to produce level 2 data. The mean magnetic field was calculated to lie in the range between 100200 Gauss, while the photospheric
plasma velocities ranged from 0.09-0.10 km /s in the quiet regions.

Introduction Results: Magnetic Fields and Plasma Velocity Maps Discussion

The Sun is a yellow dwart star located in the center of
the solar system. It is a giant ball made of ionized gas,

e The magnetic field strength in the quiet Sun photosphere was
found to range between 100-200 (5, indicating the presence of
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which is called plasma. The Sun is composed of hydrogen
(74%) and helium (24%), with all the other elements of the
periodic table making up only a total of 2% of the Sun’s

matter.

The quiet Sun is a region of the solar surface outside of

sunspots, pores, and plages. During the solar cycle, the
sun appears spotless with fewer or no sun spots when the
sun 1s 1n its quiet state; we say that the sun is at solar
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e To calculate the magnetic field strength in the quiet Sun
photosphere using solar observational data.

e To determine the line-of-sight plasma velocity using
Doppler velocity measurements from the same dataset.

e To compare magnetic field and velocity maps in order
to analyze the relationship between plasma motion and
magnetic field distribution.
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Fig. 1: Magnetic Field Map

Plasma Velocity Map

Fig.5: Plasma Velocity Map
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Fig. 2: Magnetic Field Map

Plasma Velocity Map

Fig. 6: Plasma Velocity Map

Date: 2020-04-28, Time: 23:24:06
300 g '

U
=
=

250

=
(=]
(=)

200

W
=
o

Y-[arcsec]
(=]
18]
©
Vertical Magnetic Field [Gauss]

= N
o (=]
=] (=]

o

o 100 200
X-[arcsec]

Fig.10: Magnetic Field Map

Y-[arcsec]
W
©
=)

N
(=
o

(=]
8
Vertical Magnetic Field [Gauss]

o

100 200
X-[arcsec]

Fig. 3: Magnetic Field Map

Plasma Velocity Map

Fig. 7: Plasma Velocity Map
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Fig.11: Magnetic Field Map
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Fig. 4: Magnetic Field Map

Plasma Velocity Map

Fig. 8: Plasma Velocity Map
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Fig.12: Magnetic Field Map

weak magnetic fields in these regions.

e The plasma velocity was calculated to be between 0.09-
0.10km/s, showing small but significant plasma motions in

the photosphere.

e The magnetic field maps show that brighter colors correspond

to stronger magnetic field regions.

e The velocity maps indicate that brighter colors represent areas

e Successtully quantified the magnetic and dynamic properties ot
the quiet Sun photosphere using Hinode/SOT-SP spectropo-

larimetric data.

e [dentified a mean magnetic field strength ranging between

100-200G.

Conclusion
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e Determined photospheric plasma velocities to be in the range
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Fig.13: Plasma Velocity Map Fig. 14: Plasma Velocity Map Fig.15: Plasma Velocity Map Fig.16: Plasma Velocity Map

— Milne-Eddington inversion was applied to stokes pro-

files (I,Q,U,V).

produced Level-2 data containing vector magnetic fields
and Doppler velocities.
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